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INTENDED LEARNING OBJECTIVES (ILO) D 


By the end of this lecture the student will be able to: 
1.Classify central muscle relaxants 


2.Explain the mechanism of action and adverse effects of 
central muscle relaxant preparations 
3.Identify the therapeutic uses of central muscle 


relaxant preparations 
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Our lecture will discuss the following: E i 


e Enumerating central muscle relaxants and their 
mechanisms of action. 


e The most important side effects and pharmacokinetics 
of centeral muscle relaxants. 


e Enumerating peripheral muscle relaxants and their 
mechanisms of action. 


e The most important side effects and pharmacokinetics 
of peripheral muscle relaxants. 
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Spasticity © 


Presents as intermittent or sustained involuntary 
skeletal muscle activation, representing a disordered 
control of sensorimotor function resulting from a 
central or upper motor neuron lesion. 
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Spasticity cont. D 


Ul A W N 


Causes of spasticity (uses of 
spasmolytics) 


. Central causes: 


Cerebral palsy - stroke (hemiplegia). 
Multiple sclerosis - spinal cord injury 


. Local causes: Muscle trauma - inflammation 
. Low back pain. 

. Drug induced: malignant hyperthermia. 

. Encephalitis- Meningitis 


Spasticity cont. 


The management of spasticity involves a 
complex and diverse array of approaches 
involving: 


1. Neuromodulation. 


2. Physical therapy. 


© 


SPASMOLYTICS 


Skeletal muscle relaxants are drugs that 
reduce muscle tone with minimal effect on 


active contractions. 
A- Centrally Acting: Generalized central nervous 
system (CNS) depression . 


B- Peripherally acting: specific blockade of motor 
neuron activity and muscle contraction. 
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skeletal muscle relaxants cont. 


The management of spasticity using oral 
medications is often considered “first-line” 
agents due to: 


Relatively easy 

No need for specialized technical expertise. 
Inexpensive 

Secondary indications such as pain, insomnia, 
epilepsy, and mood disorders 


€)) 


skeletal muscle relaxants cont. 


Corticospinal tract 


§ GABA, receptor 


Centrally | GABA, receptor 


Acting: 


À o -adrenergic receptor 


e Diazepam Sensory nerve 
e Baclofen 

e Tizanidine 

e Orphenadrine 
Skeletal muscle 


Motor nerve 
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skeletal muscle relaxants cont. 


GABA-Enhancing Drugs: Adrenergic a2-Receptor 
Diazepam Agonists Tizanidine, Clonidine, 
Baclofen Cyclobenzaprine 
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Diazepam 


GABA, - 
Receptors 


Tubulin 
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VW Benzodiazepine 


Subunit 

repertoire 
1-6 
1-3 
1-3 
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Both pre- and postsynaptic 
eptors in the dorsal and ventral horns 
| cord are activated by diazepam, 
leading to decreased glutamate release, increased 
GABA activity, and inhibition of motor neuron 
activity 


Diazepam cont. D 
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Diazepam: GABA - 
A agonist used in 
most causes of 
Spasticity. 


Baclofen 


G-protein-coupled receptors 
(GPCRs) belonging to the Gi 
family whose activation leads to 
inhibition of adenylyl cyclase, 
inhibition of voltage-gated Ca2+ 
channels that decrease 
glutamate release, and activation 
of K+ channels, 

Leading to inhibition of motor 
neuron activity and skeletal 


maiiicecln rnalravantinn 


GABA 
GABAgp> 
| K* Ca? 
Gay B Eaa a Î 
Adhesion molecules K Inhibition of 


Trafficking proteins } Interacting adenylyl cyclase 


Transcription factors proteins 


auuses 
cast 


ofl 


GABAgia GABAg> GABAg;, GABAg> 


Sushi 
domains —_ 


17 


Is the most commonly 
edication to treat spasticity 
that also enhances GABA activity. 
Baclofen is structurally similar to GABA 
and is an agonist at GABA-B receptors 
within the brainstem, the dorsal horn of 
the spinal cord, and other pre- and 


Baclofen cont. 


Baclofen 


e Absorbed through a relatively small section of the upper portion of the 
Small intestine. 

e Half-life of 3.5 hours, with limited (<15%) hepatic metabolism. 

e It is excreted primarily unchanged by the kidneys. 


Neuroscience Module 19 


Baclofen 


Baclofen 


Side effects: sedation, confusion, 
dizziness, and nausea, with 
respiratory Suppression, 

hypotension, and bradycardia at high 
doses. The abrupt withdrawal of 
baclofen may lead to mental health 
alterations and seizures, which, if 
untreated, may lead to death 


Baclofen cont. C) 


sedation less than 


2- Baclofen Uses: in diazepam. 
multiple sclerosis & ITILI ALIIECaI VALIVTIETI (IID) UIeEFAPY IS a 


spinal cord injuries. powerful technique for the 
management of spastic hypertonia. As 


it delivers baclofen 
directly into the cerebrospinal fluid 


Patients can be considered candidates for ITB therapy 


when: 
e Spasticity is poorly controlled, despite maximal therapy 


with other modalities 
e Spasticity is poorly controlled because of limited patient 


tolerance of other modalities 
e Adjustable spasticity reduction afforded by a programmable 


variable flow pump would be advantageous 


Tizanidine cont. 


Tizanidine : alpha 2 agonist Tizanidine is 
active at both spinal and supraspinal levels 
At the spinal level, it activates 
presynaptic a2 receptors, inhibiting the 
release of 

glutamate. 

In the brain, it inhibits neuronal firing 
within the locus coeruleus, that is 
facilitatory for the descending 
cerebrospinal tract on motor neuron 
activity 


Tizanidine cont. D 


Tizanidine& Clonidine 
Uses: 
Tizanidine: 
e used primarily for the treatment of multiple sclerosis, spasticity 
following a stroke, and amyotrophic lateral sclerosis. 
e It has also been used for myofascial pain disorders, for which it 
decreases spasms in the neck and shoulder, 
e efficacious for spasms associated with cerebral palsy. 
Clonidine has also been shown to have efficacy for alleviating spasticity 
but is not used as a single 
agent because of its cardiovascular and CNS depressant effects. 
Tizanidine has less effect on heart rate and blood pressure than 
clonidine. 


Tizanidine €) 


Tizanidine : 


Completely absorbed following oral administration, with absorption 
increased by food. 

30% bound to plasma proteins and undergoes extensive first-pass 
metabolism. 

The half-life of tizanidine is 2.5 hours, and 95% of the drug is 
metabolized to inactive products in the liver by CYP1A2. 

The metabolites are excreted in the urine (60%) and feces (20%). Thus 
the drug must be used with caution in patients with either hepatic or 
renal impairment. 

Tizanidine has a shorter duration of action than clonidine. 


Tizanidine 


Side effects: 

e dry mouth, drowsiness, dizziness, 
and fatigue. 

e It is nearly totally metabolized by 
CYP1A2, potential drug interactions 
exist with 

other agents metabolized by this 
enzyme 


Cyclobenzaprine 


cyclobenzaprine action is mediated by : 


e Inhibition of the firing of locus coeruleus neurons via a2 


receptor activation. 
e Antagonizes serotonin (5-HT) type 2 (5-HT2) receptors. 


All of these actions contribute to inhibition of motor neuron 
activity and thus skeletal muscle relaxation. 


© 


Answer the following regarding mechanisms of actio 


of centrally acting muscle relaxants 


The ability of baclofen to alleviate spasticity is due to: 
A. Activation of GABA-B receptors on spinal interneurons. 
B. Excitation of a motor neuron activity. 
C. Sequestration of calcium at muscle spindles. 
D. Activation of GABA-A receptors on spinal interneurons. 
E. Inhibition of GABA-B receptors on spinal interneurons. 


9/19/24 Neuroscience Module 27 


Answer the following regarding adverse drug react} 
of centrally acting muscle relaxants 


Which of the following central muscle relaxants 
leads to seizures and mental problems if stopped 
abruptly? 


A- Baclofen 

B- Diazepam 

C- Tizinidine 

D- Dantrolene 
E-Cyclobenzaprine 
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skeletal muscle relaxants cont. 


Peripherally 
acting 
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Peripherally acting (cont.) ° D 
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1- Dantrolene 
Dantrolene binds to the ryanodine receptor 1 (RyR1) 


located in the sarcoplasmic reticulum of skeletal muscle 
and inhibits the ability of RyR1 to release Ca2+, essential 
for muscle contraction. Marked muscle weakness limits 


its use. 


Dantrolene cont. D 


Dantrolene uses: 


Dantrolene has demonstrated efficacy for spasticity 

in: 

e Spinal cord injury, cerebral palsy, and multiple sclerosis. 

e Brain injury. 

e The drug of choice for the prevention and treatment of 
malignant hyperthermia, (a life-threatening genetic 
disorder triggered by volatile anesthetics and the 
depolarizing neuromuscular blocking agent 
succinylcholine) 


Dantrolene 


Dantrolene : 


Administered orally or by intravenous injection. 

The half-life following oral 

administration is 8-9 hours, where that following intravenous 
administration is 4-8 hours. 

Dantrolene is metabolized by the liver . 

Dantrolene is excreted as both the unchanged drug and as 
metabolites in both the feces (45%-50%) and urine (25%). 
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Dantrolen 
e 


Dantrolene 


Side effects: 

e Early include drowsiness, 
dizziness, and diarrhea (short 
lasting) 

e obviated by titrating the dose 
gradually until an optimal dose is 
obtained. 

e The most significant limitation of 
dantrolene is hepatotoxicity. 


Peripherally acting (cont.) ° oy 
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2- Botulinum toxin: ‘hie Wy 
ies Ang: 


Seven antigenically and serologically distinct but structurally 
similar neurotoxins are produced by the anaerobic 
bacterium; Clostridium botulinum. only type A (BTX-A) and B 
(BTX-B) toxins utilized currently for medical purposes. They 
interfere with the release of acetylcholine (ACh) from motor 
neurons, thereby preventing the activation of skeletal muscle 


Botulinum toxin (cont). D 


Botulinum toxin uses: 
e The first-line treatment for both 
hemifacial 
Spasm (tonic or clonic contractions of 
muscle 
innervated by the facial nerve,) and 
blepharospasm (bilateral, symmetrical, 
and synchronous contractions of the 
orbicularis oculi muscles) 
e Used for the treatment of migraine 
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Botulinum toxin: 


Botulinum toxin: The pharmacokinetics of BTX has not been 
studied in humans. The toxin is injected directly into skeletal 
muscle, and thus bioavailability is not of clinical relevance. The 
elimination half-life for native (nonmetabolized) toxin in serum 
IS approximately 4 hours. 


Neuroscience Module 36 


Botulinum toxin: 


Side effects: 
e Diffusion of the toxin away from the intended sites of action 
can lead to unwanted inhibition of neurotransmission at 


neighboring nerve endings. 

e Blockade of transmission can produce effects similar to anatomic 
denervation. 

e Immunoresistance to BTX resulting from the development of circulating 
antibodies that bind to the heavy chain of the toxin and prevent its 
association with nerve membranes 

e Other adverse events of BTX include flu-like syndromes, blurred vision, 
dry mouth, and fatigue. 


R isomer of racemic baclofen due to limited 
gastrointestinal absorption and short plasma half-life of 


baclofen requiring dosing throughout the day and it is more 
active 


Agonists at CB1 

receptors have an 

antispastic effect in 
experimental animals, 

likely decrease 

excitatory amino acid 

release. | 


Answer the following regarding mechanism of actio 
of peripherally acting muscle relaxants © 


Dantrolene relaxes skeletal muscle by: 
A. Stimulating GABA receptors on spinal motor neurons. 
B. Inhibiting excitatory amino acid release. 
C. Inhibiting calcium release from the sarcoplasmic 
reticulum. 
D. Blocking glutamate NMDA receptors. 
E. Inhibiting the exocytotic release of ACh. 
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Answer the following regarding adverse drug react} 
of peripherally acting muscle relaxants 


Which of the following peripherally acting muscle 
relaxants 


causes hepatoxicity? 
A- Botulinum toxins 

B- Dantrolene 

C- Diazepam 

D- Baclofen 

E- Tizinidine 
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Skeletal muscle relaxants are centrally and peripherally 

acting 

e Centrally acting muscle relaxants are Diazepam 
(GABA- A Enhancing), Baclofen (GABA B Enhancing ) 
and Tizanidine (Adrenergic a2-Receptor Agonists) 


e Peripherally acting muscle relaxants are Dantrolene 
(inhibits the ability of RyR1 to release Ca2) and 
botulinum toxin (interfere with the release of 
acetylcholine) 
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Brody's Human Pharmacology- Mechanism-Based 
Therapeutics (Sixth EDITION) Lynn Wecker; David A Taylor; 
Robert James Theobald, Jr. Drug Therapy for Spasticity 
Disorders (CHAPTER 22), Philadelphia, PA : Elsevier, Inc., 
[2019] 
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